Abundant populations of elk (Cervus elaphus) are cherished game in many regions of the world and also cause considerable human-wildlife conflicts through depredation on agriculture and speciality crops, lack of regeneration to native ecosystems, collisions with vehicles and transmission of disease between free-ranging and farmed hoofstock. Management of elk varies, depending on current and historical agency objectives, configuration of the landscapes elk occupy, public perception, population density and behaviour of elk. Selection of the method to manage elk often requires knowledge of timing of impacts, duration relief from elk damage is desired, cost-effectiveness of management activities, tolerance of impacts, public perception of management strategies and motivation or habituation of elk to determine the likelihood of success for a proposed management action. We reviewed methods that are available to control abundant populations of elk that include lethal (e.g. hunting, sharpshooting) and non-lethal (e.g. fertility control, frightening) options. We promote an integrated approach that incorporates the timely use of a variety of cost-effective methods to reduce impacts to tolerable levels. Lethal options that include regulated hunting, sharpshooting and aerial gunning vary by likelihood of success, duration needed for population reduction, cost to implement reduction and public perceptions. Several non-lethal options are available to affect population dynamics directly (e.g. fertility control, translocation), protect resources from damage (e.g. fences, repellents) or influence space use of elk on a regular basis (e.g. harassment, frightening, herding dogs, humans). Public perception should be considered by agencies that are looking for feasible methods to control populations of elk. Disturbance to residents or visitors of public property may influence methods of management employed. Future research should explore the duration of harassment needed to avert elk from sensitive areas and costs to implement such programs. Several methods in our review were implemented on deer and additional research on elk and other cervids in conflict with human interests would provide a much needed component to our understanding of management methods available for ungulate species.
Introduction
Throughout the world, elk (Cervus elaphus) are a valuable commodity for generating revenue from hunting, wildlife viewing and farming (Bunnell et al. 2002; Peek et al. 2002; Donovan and Champ 2009) . Considerable costs are expended, however, for supplemental feeding of elk to decrease winter mortality, increase antler size and increase size of populations for hunting and tourism in North America and Europe (Smith 2001; Putman and Staines 2004) . Many agencies or provinces have instituted compensation programs for landowners that experience damage to hay bales or crops, often offsetting the negative impacts experienced by landowners from some populations of elk (Kessler 1995; Wagner et al. 1997 ). Populations of elk on public and private lands often provide considerable economic profit to landowners and outfitters for land access fees, guided hunts, and game processing, thus contributing revenue that was not available before the current population levels (Jordan and Workman 1989; Bunnell et al. 2002; Walter and Leslie 2002) .
In contrast to all the economic, sociological and ecological benefit they provide, locally abundant populations of elk have caused substantial challenges for resource-management agencies throughout the world. Crop depredation (Hegel et al. 2009; Wilson et al. 2009 ), reduced regeneration of native aspen and willow stands (White et al. 1998; Brookshire et al. 2002) , spread of disease (Brook and McLachlan 2006; Hamir et al. 2006) , vehicle collisions and direct attacks by elk can affect entire ecosystems and human attitudes. Additional challenges arise on federal lands in the USA, with respect to practices such as providing supplemental feed to elk on the National Elk Refuge in Wyoming, USA (Dean et al. 2004) , or initiating natural regulation in Rocky Mountain National Park (ROMO), Colorado, USA (Johnson and Monello 2001) . Reintroduction of elk onto Cyprus Hills Interprovincial Park in Canada has caused challenges with agricultural producers adjacent to the park boundary (Hegel et al. 2009 ) and supplemental feeding by private landowners in Europe causes conflicts with adjacent private landholders that desire lower densities of elk (Putman and Staines 2004) . The resulting challenges and impacts on adjacent public and private lands further complicate management, constantly providing new and evolving challenges to resolve elk-human conflicts.
Establishment of elk populations in areas of extirpation over the past century also has caused considerable new elk-human conflicts for resource-management agencies, especially when elk disperse from areas of reintroduction (Stout et al. 1972; Herner-Thogmartin 1999; Maehr et al. 1999) because critical habitat and landscape configuration can influence reproduction, movements and the area of home ranges of cervids (McCorquodale 1991; Tufto et al. 1996; Relyea et al. 2000) . The differences in the response (e.g. dispersal to adjacent states or territories) of elk in areas where they are restored could lead to new, unanticipated management challenges. Although conflicts with restored populations of elk is well documented, restorations of elk is occurring throughout North America, with many agencies proposing to restore populations of elk where they have been extirpated (Van Deelen et al. 1997; Didier and Porter 1999; Larkin et al. 2004; Rosatte et al. 2007) . Elk have demonstrated fidelity to release sites in some areas, whereas at other sites, individuals have moved and dispersed depending on habitat characteristics of the release sites (Larkin et al. 2004; Rosatte et al. 2007 ).
Management of abundant populations of elk are often necessary to alleviate damage to native ecosystems, agricultural production and personal property, and for control of disease transmission. Several lethal and non-lethal techniques have been used to control the growth of elk populations, such as sustained harvest, fertility control and translocation (Hebblewhite et al. 2006; Frair et al. 2007; Killian et al. 2009 ). Redistribution of local populations of elk has been attempted through habitat modification, hazing (defined as continual harassment by humans or humans with dogs or rubber projectiles until elk vacate the area), and repellents to prevent damage to sensitive habitats or conflicts with human interests (Baker et al. 1999; VerCauteren et al. 2005b VerCauteren et al. , 2007b . Human encroachment into wildlife habitat and conflicting wildlife-and land-management policies often result in disparate management strategies for elk populations throughout their range. Perceptions, attitudes and actions of stakeholders undoubtedly will affect methods and policies used to address elk-human conflicts and protect ecosystems from abundant populations of elk. Here, we review (1) factors affecting elk-human conflicts, (2) the present state of knowledge of management methods to reduce impacts of elk and (3) research needs for this burgeoning problem currently facing resource agencies.
Methods
We used Google Scholar (http://scholar.google.com/, accessed 17 August 2009) and Internet Center for Wildlife Damage Management (http://icwdm.org/, accessed 17 August 2009) search engines and a web-based library (Digital Commonshttp://digitalcommons.unl.edu/, accessed 17 August 2009) to find germane scientific literature addressing conflicts with cervids, by using a combination of keywords (elk, deer, cervids, Cervus elaphus, Odocoileus spp., damage, depredation, agriculture, crops, competition, food habits, vertebrate, urban, suburban, residential, property, wapiti) . We also searched the literaturecitation sections of relevant literature to determine secondary sources of information. Research on non-lethal techniques for elk specifically is lacking in some areas, so we relied on literature from research on other cervids, such as white-tailed deer (Odocoileus virginianus), to bolster non-lethal management options.
Elk behaviour

Adaptability
Elk is classified as a mixed-feeder because of their rumen size and ability to adapt to either a browsing or grazing diet (Mould and Robbins 1982; Hofmann 1988) . Elk in the Great Plains of North America regularly consume diets high in grasses and forbs where deciduous trees and shrubs are less available (Fricke et al. 2008) . Elk in the Pacific North-west consume varying amounts of deciduous and coniferous trees and shrubs, along with grasses and forbs, with quality and quantity varying seasonally (McCorquodale 1987; Jenkins and Starkey 1993; Beck and Peek 2005) . Elk in western USA occupy vast open prairies, and can also feed on and decimate stands of aspen, willow and red alder, particularly during seasons of limited availability of natural forage (Baker and Hobbs 1982; Case and Kauffman 1997) , causing reverse succession and favouring invasive and undesirable species. The ability of elk to exploit food resources of various quality and types has resulted in severe alteration of habitats (Suzuki et al. 1999; Dieni et al. 2000; Beschta and Ripple 2006) .
Effective management actions of populations of elk influence densities and movements of elk, which, in turn, directly affect levels of browsing on select plant species (e.g. willow, Salix spp.) and regeneration of plant communities (Peinetti et al. 2002) . Perceived impacts of elk on plant communities vary depending on the management objectives for elk populations and the status of land holdings (e.g. private, public; Burcham et al. 1999; Haggerty and Travis 2006; Neff 2007) . Elk populations that occupy federal lands in Wyoming and Colorado where 'natural regulation' has been used in the past have decimated stands of native tree species (Coughenour and Singer 1996; Johnson and Monello 2001) . Regeneration of trees has not been possible in some areas because populations of elk have increased and human alteration and urban sprawl into landscapes occupied by elk have either limited the availability of habitat or congregated elk on less suitable ranges (Burcham et al. 1999; Lubow et al. 2002; Haggerty and Travis 2006) . Reintroduced populations of elk are often relegated to habitat deemed available, or to protected lands surrounded by fences, or within property boundaries that elk populations are expected to occupy (Walter and Leslie 2002; Larkin et al. 2004; Neff 2007) . Although habitats occupied and forages consumed by elk vary by ecoregion, detrimental effects to plant communities often occur in areas where elk is supplied artificial feed, confined by fencing, have no natural predators, or are limited in their ability to roam and search for suitable forage (Clarke et al. 1994; Smith 2001; Peek et al. 2002; Hines et al. 2007) . Herbivory on plants by more individuals and for longer durations and an increased risk of disease transmission can occur when abundant populations of ungulates are concentrated on ranges for long periods of time (Peinetti et al. 2002; Miller et al. 2003; Cross et al. 2010) .
Pre-European settlement regulation of populations
Large predators and aboriginal peoples shaped the western ecosystems of North America before European settlement. Aboriginals were efficient predators that hunted cooperatively with other humans, dogs and fire, with no effective conservation practices (Kay 1994) . Natural regulation of elk populations is likely to have never occurred in North America, with 1.2-3.5 million Native Americans present in North America at the time of Columbus's discovery (Kay 1994; McCabe 2002) . Whereas aboriginals focused on harvesting mature elk individuals, large carnivores, such as wolves (Canis lupus) and grizzly bears (Ursus arctos), are likely to have reduced recruitment of elk populations through predation on calves (McCabe 2002) . In addition to predation on young ungulates, wolves alter behaviour patterns, demographics and distribution of populations of elk Creel et al. 2005) . In several states (e.g. Colorado), reintroduction of wolves has been considered to control the number and distribution of elk; however, biological (i.e. lack of enough suitable habitat) and sociological (i.e. fear of wolves, predation on livestock) conflicts have prevented such actions (Stewart et al. 2004; Licht et al. 2010) .
Elk-human conflicts
Depredation
Agriculture is scattered throughout the range of elk and crop depredation by elk has been well documented (Oldenburg 1984; Van Tassell et al. 1999; Hygnstrom et al. 2005; Hegel et al. 2009 ). Elk individuals often search for agricultural crops, ornamental plantings and golf-course turf when natural forage is lacking (Kahler 1991; Brelsford et al. 1998; Hygnstrom et al. 2005) . Elk are motivated to consume alternate forages such as wheat and alfalfa, because of selection for plants with high crude protein content (>17%) and percentage protein digestibility (>70%), compared with low crude protein content (<10%) and percentage protein digestibility (<48%) of common grass and browse species (Mould and Robbins 1981) . Fields of agricultural crops are typically cultivated on private land and can be up to several hundreds of hectares in size. Limited hunting of elk on private land often results in refugia for populations of elk (Burcham et al. 1999; Hygnstrom et al. 2005) . As natural forages senesce during late summer and winter, agriculture provides seasonal forage opportunities (e.g. winter wheat, waste grain) that are not available to elk in landscapes unaltered by agricultural practices. In some areas, densities of elk are elevated when, for example, row crops, stored hay bales, grain and silage are available, because this abundant food source can effectively increase the carrying capacity. These food sources (e.g. row crops) increase carrying capacity by providing additional quality forage that can sustain greater numbers of elk over the same area of the landscape, than would be present in natural settings (i.e. without human intervention).
Pathogen transmission
The effects of the proximity of artificial feed, agricultural fields and stored feed on domestic cattle operations have received considerable attention recently because of the association of disease with interactions between wildlife and domestic animals (Bienen and Tabor 2006; Etter and Drew 2006; Kilpatrick et al. 2009 ). Potential for transmission of chronic wasting disease (CWD), brucellosis (Brucella abortis) and bovine tuberculosis (Mycobacterium bovis) between freeranging elk and domestic animals (including farmed elk) has been well documented (Brook and McLachlan 2006; Etter and Drew 2006; Hamir et al. 2006; VerCauteren et al. 2007a ). Disease has been associated with concentrated free-ranging wildlife in areas of artificial feed , stored feed (Daniels et al. 2003) or arable fields (Jay et al. 2007 ) because of increases in contact between wildlife and residual disease agents remaining in these areas. Temporary congregation of freeranging wildlife on concentrated food sources on winter range, either natural or provided by humans, has been found to influence disease prevalence in deer and elk (Van Deelen 2003; Farnsworth et al. 2005; Cross et al. 2007) .
Habituation
Elk individuals that occupy remote landscapes that are free of routine human presence or disturbance, except during hunting seasons, typically flee when encountered by humans (Edge and Marcum 1985; Vieira et al. 2003; Storlie 2006) . Elk can become accustomed or habituated to human presence. However, when humans are routinely in proximity but seldom harass elk or pose any threat, elk frequently adapt to passive human disturbance (e.g. feeding livestock, recreational activity; Cassirer et al. 1992; Thompson and Henderson 1998) and becomes difficult to manage with traditional techniques. Habituated elk individuals have been identified in residential communities (Thompson and Henderson 1998) , national parks and refuges (Schultz and Bailey 1978; White et al. 1998) , and near or around developed areas (e.g. ski-areas, wind turbines; Morrison et al. 1995; Walter et al. 2006) . Habituation of elk to human presence and disturbance has been considered the driving force behind many elk-human conflicts in recent years (Thompson and Henderson 1998) . Elk-vehicle collisions often result when elk are habituated to human activities in residential communities, parks and preserves, or in high-use travel corridors (Clevenger et al. 2001; Biggs et al. 2004; St Clair and Forrest 2009) . Habituation by elk has lead to increased health and survival in urban/suburban landscapes through selection of optimal forage and a decrease in predation risk (McKenzie 2001; Rubin et al. 2002; Hebblewhite and Merrill 2009) and will continue as long as human encroachment into wildlife habitat occurs and there is a lack of concentrated efforts, lethal and non-lethal, to make elk view humans as a potential threat.
Lethal options
Lethal options are used to remove offending animals from the population and/or reduce the density of animals that are perceived to be overabundant (Kilpatrick et al. 1997; DeNicola and Williams 2008) . The methods can be implemented to induce a relatively quick knockdown of the population (DeNicola and Williams 2008) . Regulated or controlled hunting are considered to be cost-effective (Deblinger et al. 1993; Kilpatrick et al. 1997; Nugent and Choquenot 2004) and they can be integrated with non-lethal methods to increase their cost-effectiveness (DeNicola et al. 2000) . The timing and method of lethal options are critical to maintain cost-effectiveness; however, some lethal options (e.g. sharpshooting, aerial gunning) may not be cost-effective because of the use of trained professionals and specialised equipment (Nugent and Choquenot 2004) . Lethal options can be implemented across the landscape, as with regulated harvest or aerial gunning, whereas sharpshooting may be best implemented in very specific locations. Shooting can be highly selective for offending animals. Public acceptance of lethal options varies depending on location, species, experience with damage and moral convictions.
Regulated harvest
Recreational hunting is a primary tool used by wildlife agencies to control and, if needed, reduce the size of elk populations (Boyce 1989; Bunnell et al. 2002; Hegel et al. 2009 ). Hunting also provides extensive recreational opportunities, wildlifehabitat improvements, revenue generated from licence fees and hunter expenditures, job opportunities, and game meat for consumption (Boyce 1989; Jordan and Workman 1989; Cooper et al. 2002; Loveridge et al. 2006) . Regulated harvest has been used successfully to control populations of white-tailed deer, mule deer (Odocoileus hemionus), elk and moose (Alces alces) by numerous agencies in open landscapes and fenced parks or preserves (Conner et al. 2001; Bunnell et al. 2002; Walter and Leslie 2002; Hams and Trindle 2008) .
Conversely, lethal control in the form of hunting in some environments may be perceived as a threat to human safety, against local ordinances and may not be socially acceptable (Hansen and Beringer 1997; DeNicola et al. 2000; Lee and Miller 2003) . The lack of regulated harvest or allowing natural regulation to control populations of ungulates often leads to abundant populations, damage to personal property, impacts on plant communities and other elk-human conflicts (Kay 1997; Bradford and Hobbs 2008; . Abundant populations of elk were responsible for declines in aspen and willow communities in several national parks after natural regulation was initiated in the 1960s and harvest of elk was eliminated (Coughenour and Singer 1996; Peinetti et al. 2002) . Recovery of sensitive plants and ecosystems has been documented after a significant reduction of ungulate populations was implemented by humans or natural predators (Deblinger et al. 1993; Kilpatrick et al. 2001; Ripple and Beschta 2003) .
Sharpshooting
Sharpshooting by trained professionals with high-powered rifles, night vision and sound suppressors is an alternative to public hunting where the concern for public safety is high and lethal control is the desired management option (DeNicola et al. 2000; DeNicola and Williams 2008) . Sharpshooting over bait sites or in areas where cervids congregate can provide a cost-effective means of reducing abundant deer or elk populations when regulated hunting is not an option (Lovaas 1973; DeNicola and Williams 2008) . Ninety white-tailed deer individuals were removed in 27 h over bait in an urban community in New Hampshire, with no disturbance to the local community (DeNicola et al. 1997) . If lethal methods of population control are warranted, sharpshooting is often preferred over hunting by local residents and the public in general (Chase and Decker 1998; Stewart et al. 2004) .
Aerial gunning
Aerial gunning may be used to reduce populations of cervids to acceptable levels in remote areas or where cervids do not congregate (Hone 1990) . Aerial gunning involves experienced shooters culling free-ranging wildlife from a helicopter and has been used on predators, feral hogs (Sus scrofa), red deer and Himalayan thar (Hemitragus jemlahicus; Smith et al. 1986; Dexter 1996; Parkes et al. 1996; Nugent and Choquenot 2004) . Aerial gunning is often required in areas not easily accessible by terrestrial vehicles or where efficient removal of exotic species is needed to protect native ecosystems (Dexter 1996; Parkes et al. 1996) . Public perception of this method has not been evaluated because aerial gunning is typically used in remote areas and not readily visible to the public.
Capture and kill
Techniques used to capture deer include rocket nets, drop-door box traps, drop nets, aerial net-gunning and chemical immobilisation (Ramsey 1968; Thompson et al. 1989; VerCauteren et al. 1997; DeNicola et al. 2000) . In addition, elk can be captured in corral traps (Schemnitz 1994; Frair et al. 2007 ). Once captured, elk can be disposed of by lethal or nonlethal means. Animals that are killed must be killed as quickly and humanely as possible by using a gunshot to the head, captive bolt or chemical overdose (AVMA 2007). Because of inefficiency and the cost of capture and kill, this method is not recommended for use to control ungulate populations (DeNicola et al. 2000) . Although this approach has been used for other cervids, we found no reference to its use on elk in the literature.
Toxicants
No information was found on the use of registered toxicants for controlling populations of elk in North America. Use of a toxic agent containing sodium monofluoroacetate (1080) was successful at killing up to 94% of a population of red deer in New Zealand, although high rainfall and high availability of alternate food sources limited effectiveness of 1080 for poisoning red deer in some locations (Nugent et al. 2001) .
Lethal options of resolution of elk-human conflict can be time-and cost-efficient to implement (i.e. regulated hunting) or expensive and target specific animals in the population (i.e. capture and relocation, aerial gunning). Although cost and efficiency vary by method, lethal options provide immediate reduction of population size or remove individuals causing conflicts with humans. Lethal options can also be a precursor to non-lethal options that often rely on low elk densities to be successful.
Non-lethal options
Most non-lethal techniques are designed to physically exclude offending animals or reduce the motivation of animals to access protected resources (Nolte 1999) . Efficacy of exclusionary nonlethal techniques is directly correlated with the level of motivation of targeted individuals. Measures should be implemented to prevent cervids from exploiting a preferred resource before it is highly desired because dissuading cervids from using a resource is more difficult when motivation to gain access has increased (Spalinger et al. 1997; Nolte 1999; DeNicola et al. 2000; Gilsdorf et al. 2002 Gilsdorf et al. , 2004b . For example, a simple frightening device employing sound and lights may be sufficient to deter use of a minimally desired resource for short periods, whereas a 1.8-m-high woven-wire mesh fence may be inadequate for keeping deer from a highly desired source of food. Management techniques chosen for a particular scenario under one level of motivation are likely to have a different degree of success in an alternate scenario. Thus, careful consideration of the level of motivation should help guide selection and implementation of any non-lethal technique.
Non-lethal tools such as fencing and frightening devices (e.g. scarecrows, noise makers) have been used for centuries. More recently, society has placed greater emphasis on the use of non-lethal techniques (e.g. fertility control), thus demonstrating the need for rigorous evaluation by resource agencies. Careful balancing of benefits and costs should be attempted to maintain positive net benefits of non-lethal actions (DeNicola et al. 2000) . Unfortunately, in the absence of annual regulated hunting and ungulate-proof fencing in North America, most non-lethal approaches provide only temporary protection of resources and protect areas of relatively limited size (Witmer 1998; DeNicola et al. 2000) . Because of limitations of non-lethal techniques, they should be part of an overall integrated management approach that includes lethal practices to maximise benefits. The focus of non-lethal control techniques, with no lethal component, should be on reducing damage to tolerable levels, as elimination of damage is unlikely (Gilsdorf et al. 2002) . If some level of damage is expected and tolerable, however, non-lethal methods can be used to protect resources or harass wildlife to manage damage concerns (Stewart et al. 2004) .
The public generally approves of non-lethal management techniques, especially in urban settings, where traditional hunting may not be safe and damage levels are high (DeNicola et al. 2000; Gilsdorf et al. 2002; Lauber et al. 2004) . A recent survey of visitors to ROMO on acceptance of a variety of management techniques for alleviating habitat damage by a habituated population of elk revealed that several non-lethal options were acceptable (Stewart et al. 2004) . The most socially acceptable methods included protecting individual trees with chicken wire, hazing with dogs and temporary fertility control (Stewart et al. 2004) .
Fertility control
Fertility control includes several methods that can decrease reproduction in cervids, including, but not limited to, immunocontraceptives (Bradford and Hobbs 2006; Killian et al. 2009 ), intrauterine devices (Malcolm et al. 2010 ) and surgical procedures (MacLean et al. 2006) . Modes of action of these fertility-control methods include sterilisation (steroid, castration, ovarectomy), contraception (steroid, intrauterine device, immunocontraception) and contragestation (steroid, terratogenic) . Considerable effort has been expended to develop fertility-control agents and methods of delivery for cervids. Fertility-control agents for wildlife have the potential to be used in conjunction with lethal methods or scenarios where current lethal management techniques are ineffective or unacceptable (DeNicola et al. 2000; Malcolm et al. 2010) . Initially, Knipling (1959) proposed the principle that undesirable wild-animal populations could be controlled with sterility-causing agents. Subsequently, Greer et al. (1968) fieldtested several methods on elk and the ensuing research was directed at the same goal, using an array of species and a variety of strategies. Early immunocontraceptives proved inefficient and expensive because they required a booster or a second shot (i.e. .
Researchers have explored an array of chemical and immunological contraceptives for wildlife (Mauldin and Miller 2007) . Recent developments in single-shot fertility-control methods have received considerable attention ). Orally delivered contraceptives and live-vector (bacterial or viral) delivery have been explored; however, adequate ingestion of vaccine to result in decreased reproduction and Food and Drug Administration, which approves this technology in the United States, are limiting research (Miller et al. 1999; Fagerstone et al. 2002) . Certain gonadotropin-releasing hormone (GnRH) agonists (e.g. leuprolide, deslorelin) have provided promising results in experimental captive (Baker et al. 2005 ) and free-rangingelk (Conner et al. 2007 ); however,efficacy was limited to a single breeding season, so animals must be treated annually. GonaCon (National Wildlife Research Center, Fort Collins, CO), a GnRH vaccine that temporarily produces infertility (deer and horses; Killian et al. 2006; Miller et al. 2008) , recently received Environmental Protection Agency registration for use as a fertilitycontrol agent in white-tailed deer (L. A. Miller, USDA/APHIS/WS National Wildlife Research Center, pers. comm.). GonaCon has been effective in reducing fertility in captive elk ) and potential for its use in managing free-ranging populations of elk in select settings, such as national parks, is currently being explored.
Remote injection of contraceptives annually to free-ranging populations of cervids is not feasible logistically and the cost is likely to be prohibitive . Currently, fertility control is not a viable strategy for managing free-ranging populations of cervids (Dolbeer 1998; DeNicola et al. 2000) beyond maintaining relatively small, closed populations (Rutberg et al. 2004) . Further development in contraceptive technology (e.g. a single shot with multi-year efficacy) may result in more cost-effective contraceptives to assist in decreasing localised populations of elk to reduce elk-human conflicts.
Capture and translocation
In areas where overabundant wildlife negatively affects human health and safety and ecosystem function, capture and translocation may be a viable, non-lethal alternative. The capture methods are the same as those described previously. Translocation has been used to reduce urban and suburban populations of white-tailed deer where discharge of firearms was prohibited by municipal ordinances or local residents opposed lethal methods of removal (Cromwell et al. 1999; DeNicola et al. 2000; Beringer et al. 2002) . Previous translocations were mainly used as a conservation tool for reintroducing elk into landscapes they historically occupied (O'Gara and Dundas 2002; Larkin et al. 2003 Larkin et al. , 2004 .
Although public stakeholders commonly perceive capture and translocation as a humane method of population control (Ishmael et al. 1995) , many concerns are associated with this technique. Problems include high cost (Ishmael and Rongstad 1984; O'Bryan and McCullough 1985; DeNicola et al. 2000) , death resulting from capture myopathy (Beringer et al. 1996; Beringer et al. 2002) , low rates of survival post-translocation (O'Bryan and McCullough 1985; Jones and Witham 1990) , moving the problem from one area to another (Bryant and Ishmael 1991; Cromwell et al. 1999) , and the potential to spread diseases and parasites (DeNicola et al. 2000; Hargreaves et al. 2004 ). All of these factors make it difficult to justify translocation as a feasible non-lethal method to address elk-human conflicts in North America.
Repellents
Repellents are non-lethal chemicals that theoretically decrease a plant's desirability or taste and therefore deter browsing and grazing by ungulates. Browsing can decrease crop yields, cause plant deformities and can be lethal to agricultural and forest plants (Nolte 1998 ). Among repellents, three different modes of action reduce herbivory, i.e. odour, contact and systemic. Odour repellents repel animals away from an area by using animal tissues (e.g. blood, rotten eggs) or predator odours (e.g. urine, faeces, hair) and are thought to elicit predatoravoidance behaviour (Mason 1998; Kimball et al. 2005) . A plethora of research has been conducted on odour repellents used to reduce browse damage to plant resources by deer (Harris et al. 1983; Palmer et al. 1983; Conover 1984; Sayre and Richmond 1992) and, to a lesser extent, elk (Andelt et al. 1992; Baker et al. 1999) . Active ingredients of odour repellents commonly contain ammonium soaps (Hygnstrom and Craven 1988; Andelt et al. 1994) , putrescent whole-egg solids (Swihart and Conover 1990; Andelt et al. 1991 Andelt et al. , 1992 , predator odours (Swihart et al. 1991; Andelt et al. 1992; Nolte et al. 2001 ) and human-food products (Andelt et al. 1994; Nolte et al. 1995; Seamans et al. 2002) . Contact repellents are applied topically to targeted resources and immediately decrease plant palatability or induce negative post-ingestion consequences causing illness (aversive conditioning). Browse damage to plant resources by deer and elk has been alleviated with contact repellents that include capsaicin, which creates a 'hot' sensation when it comes to contact with mucous membranes (Harris et al. 1983; Palmer et al. 1983; Andelt et al. 1994; Baker et al. 1999) . Others have demonstrated that bittering agents (e.g. denatonium benzoate; Harris et al. 1983; Swihart and Conover 1990; Andelt et al. 1991 Andelt et al. , 1992 and certain proteins (e.g. hydrolysed casein; Kimball et al. 2005; Kimball and Nolte 2006) reduce browsing of preferred forage. Systemic repellents are absorbed into plants by their roots and translocated to foliage by supplementation (e.g. selenium; Angradi and Tzilkowski 1987) , or genetic manipulation (Conover 2002) , giving plants properties similar to those of contact repellents.
Many interacting factors determine efficacy of repellents and all repellents have a limited duration of success. Contact repellents may wash off or decompose; thus, repeated applications are necessary. As plants continue to grow, repellents need to be reapplied to new leaves or shoots. Andelt et al. (1992) speculated that food stress plays a major role in effectiveness of repellents. Thus, repellents are most effective when motivation (i.e. food stress) is low and alternative food sources are available. Regardless of repellent used, some damage to agricultural and forestry resources should be expected when using all repellents, even when conditions are optimal. Furthermore, the cost and practicality of using repellents, considering their limitations (e.g. duration of efficacy, size of the area to be treated), may require repellents to be used in conjunction with other methods (e.g. temporary fencing) to increase efficacy.
Exclusion
Fences provide an effective long-term, non-lethal technique to protect and minimise cervid damage. Fences provide protection in one of the following two ways: (1) as a physical barrier, (2) as a psychological barrier, or a combination of both. A typical 2.4-m-tall woven-wire fence is a physical barrier to cervids and greatly reduces the possibility of an animal passing over, under or through. Conversely, single-or double-strand electric poly-tape fences act as psychological barriers on the basis of learned avoidance conditioning (McKillop and Sibly 1988) . Avoidance conditioning occurs when an animal contacts the fence, often with the nose or tongue, and receives a powerful electric shock. Training can be expedited by baiting the fence wire with peanut butter or molasses applied directly to the fence to create a negative stimuli when making contact with an electrified fence (Porter 1983; Hygnstrom and Craven 1988; Byrne 1989 ; J. W. Fischer, USDA/APHIS/WS National Wildlife Research Center, unpubl. data).
Fences for elk and deer have been rigorously tested and a substantial amount of research has been conducted and collated in a review by VerCauteren et al. (2006b) . Broad classes of fence designs include woven-wire mesh, modified woven-wire mesh, high-tensile electric, barbed wire, slanted, poly mesh, and electrified poly tape and poly rope. Variables to be considered when selecting an appropriate fence design include value of the resources to be protected, level of protection desired, seasonality of the resource being protected, physical ability of the target species, motivation to breach, behavioural characteristics, costs associated with constructing and maintaining the fence, longevity of the fence and possible negative effects of erecting a fence (VerCauteren et al. 2006c) . Although fences may have potential to eliminate damage, their expense may make them costprohibitive, especially in situations where the value of the resources being protected is low and the area to be protected is large (VerCauteren et al. 2006c ). In addition to size, shape and perimeter of the area influence the amount and cost of fencing required (Conover 2002) .
Basic designs are used routinely to exclude (Byrne 1989 ), contain (Bryant et al. 1993 ) and direct elk movements (Smith 2001 ). The United States Forest Service-owned Starkey Experimental Forest and Range in Oregon contains several hundred elk and deer individuals within a 101-km 2 enclosure surrounded by a 2.4-m-tall woven-wire mesh fence topped by two strands of high-tensile smooth wire (Bryant et al. 1993) . Nearly 70 km of fence make up the enclosure and cross-fences that are expected to last at least 30 years. At least two male elk individuals were observed breaching the fence between the mesh and smooth wire and others have breached by unknown means (Bryant et al. 1993) . The captive cervid industry routinely uses similar fences to confine elk and other big game species for management and husbandry. In addition, extensive game fences are used across much of southern Africa to control movements and possession of large herbivores, such as kudu, oryx, wildebeest and zebra (Whyte and Joubert 1988) .
Wildlife managers have used fences to exclude elk from concentrated resources (e.g. stored crops) and areas of dispersed resources (e.g. crop fields, orchards ; Schneidmiller 1987; Byrne 1989; Smith 2001) . Out of economic necessity, non-traditional fences have received more attention in development and evaluation. Byrne (1989) and Schneidmiller (1987) reviewed a variety of novel techniques for excluding cervids from stored livestock feed. Schneidmiller (1987) stated that a 1.8-2.1-m fence constructed of 50% woven-wire mesh and 50% multiple strands of barbed wire spaced at 15-cm intervals provided the best long-term protection. Goddard et al. (2001) tested a variety of fences for red deer and found a 1.9-m wovenwire mesh fence was entirely effective in restricting movements whereas a fence constructed of 0.8-m woven-wire mesh topped by four strands of 1.1-m webbing allowed passage by a small percentage of test animals. A 0.76-m, two-wire fence did not deter crossings by pronghorn (Antilocapra americana), elk and mule deer, whereas a 1.32-m, four-wire fence deterred crossings by >40% of approaching elk individuals (Karhu and Anderson 2006) .
Herbivore exclosures often are an important component of research on rangeland vegetation (e.g. Gross and Knight 2000) and an effective means for eliminating small-scale damage (Nolte 1999) . A criticism of common exclosures has been that most of the effects of mammalian herbivory are eliminated and this is not comparable to natural conditions, thus providing an invalid comparison of effects of browsing by herbivores (Gross and Knight 2000) . VerCauteren et al. (2007b) designed and evaluated a fence intended to exclude elk while allowing passage by other wildlife species, and thus providing a more accurate comparison for herbivory research; the design is currently being used and evaluated (Gage and Cooper 2009 ).
Exclosures and boundary fences within national parks have been used for decades to alleviate and evaluate herbivore damage (e.g. Bauman et al. 1999; Schoenecker et al. 2004) . Proposals for large-scale fencing installations to provide protection to vegetation for 30À50 years from elk in ROMO were favoured by only 30% of survey respondents, suggesting that not all visitors were in favour of this method of protection for sensitive areas (Stewart et al. 2004) . A 1.52-1.84-m woven-wire mesh fence (1.22-1.54-m woven-wire mesh plus two strands of barbed wire 0.15 and 0.30 m above the woven wire) installed along the boundary of Wind Cave National Park, South Dakota, USA, allowed regular passage by elk and deer; however, the fence was frequently compressed to 0.91-1.22 m by jumping animals (Bauman et al. 1999) . Movements by elk across fences increased during spring and fall, likely because of rut, hunting, seasonal migration or calving (Bauman et al. 1999) . Increased movements across fences suggested that elk's motivation to breach and potential for damage are likely to be highest during periods influenced by behaviour (e.g. breeding) and anthropogenic disturbance (e.g. hunting). When compared with mule deer, elk spent considerably more time milling about and investigating a fence before jumping (Bauman et al. 1999) . Elk damage to livestock fences is an issue of contention because of the potential for livestock escapes and labour and costs associated with repairs (Harrington and Conover 2006) . Although elk frequently compress and break fences at common crossing points, many options (e.g. ramps, gap between wires) are available for creating points where passage is easier and damage less likely (Witham 1996; Knight et al. 1997) .
Buck-and-pole fences (1.83 m in height) along the northern boundary of Yellowstone National Park, Montana, USA, appeared to be a substantial barrier to animals that rely on jumping to breach such fences (Scott 1992) . Buck-and-pole fences provide a seemingly effective barrier with an aesthetically pleasing appearance, offering an option for applications where public perception is a concern. Although elk were less likely to cross buck-and-pole fences than were deer and pronghorn, damaged fences could allow elk to cross if not properly maintained.
Extensive fences have been installed to minimise cervid-vehicle collisions in some locales by excluding animals from roads (Bashore et al. 1985; Feldhamer et al. 1986; Clevenger et al. 2001) or funneling animals to common crossing points associated with structures designed to enable safe passage (e.g. crosswalks, bridges or underpasses; e.g. Ward 1982; Lehnert and Bissonette 1997; D'Angelo et al. 2007; Cramer 2008). D'Angelo et al. (2007) conducted a comprehensive review of techniques available to reduce deer-vehicle collisions by excluding deer from roadways.
The weakest links in fences are gates, which must be closed to make fences effective. Automatically closing gates, electrified mats and active as well as passive cattle-guard devices have been evaluated with mixed results (Peterson et al. 2003; Seamans and Helon 2008; VerCauteren et al. 2009 ). Electrified mats were effective in excluding elk from stands of red willow and portions of roadways outside of developed animal 'crosswalks' in Arizona (R. Lampman, ElectroBraid Fence Ltd, pers. comm.).
A variety of devices are available that provide protection to individual plants or parts of plants in situations where fences are impractical or only temporary protection is needed (e.g. Campbell et al. 1988) . Protection is provided by limiting access to roots, stems, foliage and growing points until plants are less vulnerable to serious damage. Chicken-wire cylinders, photodegradable polypropylene cylinders (i.e. TubexÔ; Treessential Company, Saint Paul, MN) and a variety of flexible mesh sleeves (i.e. Vexar ® ; DuPont Canada, Whitby, Ontario) can effectively protect seedlings (i.e. Fagerstone and Clay 1997; Taylor et al. 2006) . Protective cylinders provide exclusion only until the terminal bud protrudes from the top of the cylinder, and then it is advantageous to apply bud caps. One benefit of protecting individual plant parts is that animals are not completely excluded from portions of their habitat. The number of plants (usually tree seedlings) and the size of the area being protected must be considered, because the cost of protecting individual plants may approach the expense of fencing the entire area (Campbell et al. 1988; Taylor et al. 2006) .
Fences can be used to exclude elk from an area (i.e. wire-mesh) or protect individual regenerating tree species (i.e. Tubex) from browse damage. Cost, efficacy, duration of protection needed, maintenance and permeability to non-target wildlife should be considered before use of fences to exclude elk.
Habitat modification
Reduction of permanent cover in a localised area could reduce the use of an area by the population for a particular landscape, and would also destroy habitat that is important for other wildlife (Craven and Hygnstrom 1994) . Removal and extensive maintenance of vegetation adjacent to roadways are often conducted to reduce potential for animal collisions with vehicles. Selection of plants for landscaping, on the basis of palatability or resistance to cervid damage, can minimise the use and damage to plantings by cervids (Craven and Hygnstrom 1994) . Fargione et al. (1991) presented a list of common plants and their susceptibility to damage by deer in North America. Hay bales should be brought in from fields and crops should be harvested as early as possible to minimise the duration of time they are susceptible to damage.
Lure crops (Nolte 1999; Smith 2001) or strategic provisioning of desirable foods (Doenier et al. 1997) have been used to divert cervids from more valuable crops. However, providing additional forage leads to higher reproductive and survival rates, and congregates animals (Hines et al. 2007) , which may lead to additional crop damage (e.g. Long 1989 ) and potential for transmission of disease between wildlife and livestock Dean et al. 2004 ).
Improvement of habitat or forage conditions adjacent to areas where damage is occurring (e.g. croplands, orchards) has potential to alleviate damage situations. Herbicide application, followed by fertiliser (Ramsey and Krueger 1986; Witmer and Cogan 1989) or seeding and fertilising food plots (Bayoumi and Smith 1976; Skovlin et al. 1983; Ramsey and Krueger 1986) , was used successfully to mitigate crop damage in several instances. Basic application of fertiliser to rangeland was suggested to alleviate damage on adjacent cropland by improving nutritional quality and quantity of forage (Craven and Hygnstrom 1994) , resulting in increased use by elk. Cost and effectiveness of methods to divert animal use has not been investigated and requires further investigation.
Use of mineral supplements (e.g. salt blocks) was a common management technique for manipulating range use by wild cervids during the first half of the last century (Case 1938; Stockstad et al. 1953; Williams 1962; Dalke et al. 1965) . Wildlife managers created artificial salt licks by strategically placing 23-136 kg of crude rock salt to reduce numbers of animals using natural licks, disperse use of available forage, prevent crop damage and increase hunter harvest (Case 1938; Cooney 1952; Stockstad et al. 1953; Dalke et al. 1965) . Most forage does not contain an adequate amount of sodium for lactation or antlerogenesis; thus, sodium-containing compounds are commonly sought by cervids (Short et al. 1966; Belovsky and Jordan 1981; Holdø et al. 2002; Ayotte et al. 2006 ) from both natural and anthropogenic sources. Use of mineral supplements is likely to be effective seasonally (e.g. females during lactation in spring); however, visitation would not be often enough to redistribute elk and would concentrate elk to a common source, potentially increasing disease transmission.
Habitat modification to redistribute elk to alternate sites requires thorough knowledge of movements and forage requirements of offending animals to be successful. Furthermore, shifting range use and altering movements of elk at the landscape-scale are unlikely because most studies were able to alter or observe the range use only seasonally or during specific life stages (i.e. summer lactation or antlerogenesis; Knight and Mudge 1967; Nolte 1999; Holdø et al. 2002) .
Frightening
Frightening options rely on conditioning of target animals by delivering a stimulus (e.g. loud sound, scary image) to induce a sensation (e.g. anxiety, fear, pain), followed by a desired response (e.g. dispersal, flight) in target animals. Non-lethal frightening devices often mimic characteristics of predators (e.g. smell, sound, appearance) to target specific senses. Unfortunately, when techniques are not supported by negative physical stimuli (e.g. shock, physical contact), fear of inanimate or active objects often wanes and habituation often follows (Nolte 1999) . More effective techniques provide increased protection by targeting several senses (Nolte 1999) . Seward et al. (2007) and Nolte et al. (2003) developed and evaluated techniques for alleviating deer damage through delivery of negative stimuli. Further, providing negative physical stimuli appears to improve efficacy, although this has not been widely evaluated in elk, except when combined with fences to physically exclude target animals (e.g. electrified and barbed-wire fence; McKillop and Sibly 1988; J. W. Fischer, USDA/APHIS/WS National Wildlife Research Center, unpubl. data) .
Several frightening devices have been designed for use by farmers, homeowners and professionals to alleviate damage caused by wildlife. Frightening techniques typically incorporate the following modes of action: audio-visual and biological. Initially, animals often respond to novel objects, used as frightening devices, in their surroundings, providing users with a sense of success. However, frightening devices are generally not effective for extended periods (Bomford and O'Brien 1990; Koehler et al. 1990; Gilsdorf et al. 2002 Gilsdorf et al. , 2004b , although they may be useful for a user to alleviate damage long enough, such as while migrating elk individuals pass through an area (Nolte 1999) .
Most research on frightening devices for cervids has focused on white-tailed deer (e.g. Belant et al. 1996 Belant et al. , 1998 Beringer et al. 2003) ; limited research results have been published regarding efficacy of frightening devices for elk and mule deer (VerCauteren et al. 2005b) . Elk seem to habituate rapidly to sound-emitting frightening devices, rendering them ineffective in alleviating damage (Henigman et al. 2005) .
Propane cannons, shell crackers and other sonic devices used near at-risk resources can provide temporary relief from cervid damage (Gilsdorf et al. 2002) ; however, these and similar frightening tools are generally ineffective, even for short periods (Koehler et al. 1990; Belant et al. 1998; Gilsdorf et al. 2004a) . Efficacy may be improved by simultaneously incorporating a variety of stimuli (Nolte 1999; Shivik and Martin 2000; Gilsdorf et al. 2002; Beringer et al. 2003) , frequent movement (Koehler et al. 1990 ) and activation by offending animals (Belant et al. 1996; Beringer et al. 2003) . Devices that are activated regardless of the presence of animals or those that trigger at regular intervals are less effective than those that activate only in the presence of offending animals (Gilsdorf et al. 2004b) . Active infrared beams (a beam sent from a transmitter to a receiver that triggers the device when broken) or passive infrared sensors (detect movement of an object of different heat from surroundings) often are incorporated to enable activation.
Although research on elk is not available, acute vision of deer often supports other senses, working synergistically with smell or hearing (Muller-Schwarze 1994; , and has been the basis for strategies attempted to deter deer from sensitive resources . Red lasers were effective in dispersing some bird species , whereas they were ineffective in dissuading deer use of resources because deer are not likely to perceive colours in the range of 630-650 nm (i.e. red; . Even when confronted at night with laser lights in their range of vision (450-537 nm; bluegreen), a flight response was not elicited by deer (VerCauteren et al. 2006a ). Further, VerCauteren et al. (2005b evaluated a commercially marketed frightening device that incorporated both visual (red light) and auditory stimuli and demonstrated that neither stimulus was sufficient to cease damage by deer or elk.
Although some multi-stimulus devices have proven ineffective (Roper and Hill 1985; Koehler et al. 1990; Belant et al. 1998 ), Beringer et al. (2003 developed and evaluated a device with acoustic and visual stimuli that repelled white-tailed deer from soybean plots for 6 weeks, which was also the extent of the study. Beringer et al. (2003) selected sounds likely to frighten deer (i.e. aggressive dogs, gunshot barrages, cervid distress calls), incorporated deer activation and included a rapidly moving illuminated human effigy. Suggesting the importance of integrating multiple stimuli, a similar device that was strictly acoustic was insufficient at protecting corn from deer during silking-tasseling stages (Gilsdorf et al. 2004b ). Nolte (1999) suggested that supplementing pyrotechnic use (i.e. auditory cue) with an occasional impact by a rubber bullet (i.e. physical cue) might provide sufficient negative stimuli and improve dispersal of elk. Seward et al. (2007) developed a frightening device that included a physical stimulus (i.e. slapped by a polyvinyl chloride conduit arm) and effectively deterred deer from using cattle feed.
The most effective frightening devices developed target multiple senses, including touch. The focus of future research on frightening devices for deterring cervids from sensitive resources should take this into consideration (Gilsdorf et al. 2002 (Gilsdorf et al. , 2004b . Although most research has been conducted on deer, the use of frightening devices on elk are likely to be effective only in short durations, require multiple stimuli (i.e. auditory and physical cues) and regular maintenance, and be animal activated.
Hazing
Hazing requires a continued disturbance and disruption of behavioural patterns of problem animals by the persistent use of a variety of frightening techniques, including pyrotechnics, dogs and humans on foot, horseback, or in vehicles. Humaninduced disturbance or continual harassment of elk in sensitive areas has recently received increased attention from researchers and wildlife managers. Recreational activities, hunting, roads and vehicular travel have all influenced elk activity (Schultz and Bailey 1978; Rowland et al. 2000; Trombulak and Frissell 2000; Conner et al. 2001; Vieira et al. 2003 ). Yet it is still a challenge to disperse elk in certain areas such as National and Provincial Parks (Schultz and Bailey 1978; Thompson and Henderson 1998; Bauman et al. 1999) . Elk in Yellowstone National Park, where lethal methods of managing the population were abandoned in 1969, have demonstrated sensitivity to human activity and flee when cross-country skiers approach within 650 m (Cassirer et al. 1992) . Conversely, Schultz and Bailey (1978) found that elk individuals in ROMO were reluctant to flee when approached by humans on foot (mean distance approached to induce flight = 85.8 m) and often required three or four approaches before they would retreat to escape cover. Lethal methods of population control in ROMO ceased in 1962, followed by a noted decrease in sensitivity to human activity by elk (D. Stevens, ROMO biologist; pers. comm. in Schultz and Bailey 1978) . Researchers observed an influx of elk coincident with opening of hunting season on public lands adjacent to ROMO (Schultz and Bailey 1978) , demonstrating that elk use ROMO as refugia. In north-western Colorado, where hunting occurred, elk vacated public lands on the opening of archery season and moved to adjacent private lands where less hunting activity occurred (Conner et al. 2001; Vieira et al. 2003) . Select activities, such as those simulating hunting, at strategically scheduled times on established refugia may enable land and wildlife managers to counteract the effects of opening of hunting seasons (i.e. movement to refugia), thereby bolstering hunter success and enabling managers to achieve population goals more effectively.
Hazing procedures induce an escape response in wildlife to avoid potential negative consequences (i.e. perceived predation) by approaching humans or dogs (Kloppers et al. 2005) . Reduction of habituation through hazing has not been evaluated in elk or deer to a great extent (Frid and Dill 2002; Kloppers et al. 2005) . Where hunting occurs, human disturbance might be perceived by elk in some settings as a predation threat similar to that posed by wolves (Kilpatrick et al. 2009; Plumb et al. 2009 ), demonstrating a vulnerability of elk that may enable hazing to be an effective tool for stimulating dispersal. Managers routinely haze bison (Kilpatrick et al. 2009; Plumb et al. 2009 ) and elk away from sensitive areas (Neff 2007 ; Washington Department of Fish and Wildlife 2009). Hazing, herding (defined as an active pursuit of elk to a distant destination) and hunting occurred during a study in Montana, and although data were not reported, researchers found hunting was the only effective method in dispersing elk off refugia on private land (Burcham et al. 1999) . Hazing of elk with dogs in ROMO to alleviate habitat damage was more acceptable to visitors (45% of Colorado survey respondents) than was hazing with rubber bullets (30%) or noise (20%; Stewart et al. 2004) . Hazing or targeted disturbances reduced reproductive success of elk in Colorado and could be implemented to reduce population growth in some areas (Phillips and Alldregde 2000; Shively et al. 2005) . Furthermore, strategically scheduled hazing during various times of year (e.g. during calving in spring, or hunting seasons in autumn) may be effective in inducing dispersals and even population reductions by redistributing elk individuals to areas where they are vulnerable to harvest by hunters.
Livestock protection dogs (LPDs) have been used for >2000 years to control predation on livestock in Europe (Coppinger et al. 1987; Green and Woodruff 1990; Gehring et al. 2010) . Previous studies reported that LPDs occasionally chased deer ) and reindeer (Rangifer tarandus; Hansen and Bakken 1999) . Interest in chasing deer, combined with their affinity to livestock, makes LPDs useful for keeping deer from contacting cattle and cattle feed, thereby reducing potential for deer to transmit M. bovis to cattle and brucellosis between elk and cattle in the western USA (Bienen and Tabor 2006) . LPDs reduced deer use of cattle pastures, excluded deer from cattle feed and minimised interactions between deer and cattle (Woodruff and Green 1995) . Dogs have also been used to protect diverse resources such as forest plantations (Beringer et al. 1994) , golf courses (Castelli and Sleggs 2000) , office complexes (Curtis and Rieckenberg 2005) (Curtis and Rieckenberg 2005; VerCauteren et al. 2005a) and several producers used dogs to protect orchards and annual crops (Beringer et al. 1994) . Selection, training and care of dogs are important components of the success of this strategy. Use of dogs in a passive manner to reside in and protect an area, such as a stand of sensitive vegetation, has potential for success if thoughtful selection of breed and introduction of the dog are performed. Dogs should be of breeds that are territorial and demonstrate a patrolling behaviour for effective protection of space and inanimate objects such as crop fields (VerCauteren et al. 2005a) . Working breeds such as Siberian husky and Alaskan malamute have performed well in protecting specific areas (VerCauteren et al. 2005a) , are hardy dogs that are well adapted to harsh winter conditions and have a wolf-like appearance which may result in their being perceived by elk as threatening predators.
Incorporation of dogs into hazing regimes for cervids should focus on several behaviours possessed by specific breeds. Great Pyrenees readily pursued deer but needed encouragement from handlers . Alaskan malamutes and Siberian huskies used to protect crops naturally pursued deer without encouragement (VerCauteren et al. 2005a ). Kloppers et al. (2005) used border collies near Banff National Park, Alberta, Canada, to disperse habituated elk individuals that were a nuisance in the town of Banff. The border collies acted in a silent and controlled manner when directed by handlers to herd elk individuals in a desired direction. It is likely that other breeds would influence reactions of elk differently. Kloppers et al. (2005) found that hazing with dogs was effective for dispersing elk and no signs of habituation to hazing were observed. Hazing with dogs did not provide additional motivation, however, beyond the level provided by humans alone. In addition, the effects of true predation by adjacent packs of wolves counteracted the desired effects achieved by hazing with dogs because elk would return to the area of conflict in response to harassment by wolf packs in areas to which elk were hazed (i.e. Banff National Park; Kloppers et al. 2005) .
Hazing of elk has received considerable attention recently and appears to be focused on reversing habituation in humandominated landscapes or mimicking predators to redistribute elk individuals away from sensitive habitats (i.e. regenerating aspen stands). Hazing of elk can target a specific habitat in need of protection from elk, focus on particular elk causing conflicts with humans, and be implemented in various habitats of differing configurations.
Summary and research needs
Elk management is a complex process of understanding distribution and ecology of populations of elk, along with land-ownership and public desire for particular management strategies. Specific lethal (e.g. hunting, sharpshooting) options for managing free-ranging populations of elk are not publicly acceptable in many urban and suburban communities because of perceived safety concerns, and non-lethal (e.g. contraception, relocation) options are often not practical or economically feasible. Frightening techniques are effective only for short durations, require regular maintenance to work properly and habituation by elk is likely; consequently, their long-term use is not recommended. Although fencing can be effective in many situations, installation of fences around large tracts of regenerating vegetation is often cost-prohibitive and aesthetically unappealing to landowners or visitors to parks and preserves. Recently, herding and hazing of elk by humans with dogs or on horseback has been successful at preventing the use of urban and sensitive areas by elk near Banff National Park, Alberta, Canada (Kloppers et al. 2005) . The use of avoidance conditioning with dogs to mimic disturbance by predators appears to be a publicly acceptable method and is currently being explored for dispersing habituated elk individuals (Stewart et al. 2004) . Hazing of elk with rubber bullets or loud noises was considered less acceptable by park visitors and nearby residents of ROMO and Banff National Park (Stewart et al. 2004; Kloppers et al. 2005) ; however, it may be feasible on private landholdings.
Considerable funding has been allocated for research and management of lethal methods, fertility control, repellents, frightening devices and fencing. Although several methods are available to control human-elk conflicts, variation in land uses and societal values means that solutions may have to be sitespecific. Public perception and involvement in elk-human conflicts has resulted in several non-lethal methods being employed (i.e. fertility control, lasers, pyrotechnics); however, additional research should be conducted to determine their effectiveness on elk. Furthermore, several non-lethal methods are effective only for short durations and elk may habituate to some options, suggesting that resource managers may need to employ full-time staff to address elk-human conflicts. Hazing crews with dogs, on horseback, or with rubber bullets/shot, or even paintballs, may need to be a consistent threat to elk throughout the year to be effective and to prevent elk-human conflicts in some areas. Although aversive conditioning has been effective at dispersing elk from urban areas in the short term, longterm effectiveness remains unclear, and merits further research.
